We report the discovery of Seyfert-2 galaxies in SDSS-DR8 with galaxy-wide, ultra-luminous narrow-line regions (NLRs) at redshifts z = 0.2 − 0.6. With a space density of 4.4 Gpc
Introduction
NLRs are a common sight in active galaxies and explained by the unified AGN model (see e.g. Antonucci 1993; Bianchi et al. 2012) . UV/X-ray emission from the central black hole engine photoionizes the ISM over large distances, but may be shielded by neutral gas or dust absorbers. The prototype NLR consists of two ionization cones (e.g. in NGC 4151 and NGC 5252), which may fragment into several individual clouds (Evans et al. 1993; Tsvetanov et al. 1996) . In Seyfert-2 galaxies NLR sizes are a few hundred pc, and can extend up to 5 kpc (Bennert et al. 2006a) . Emission line FWHMs are on the order of several hundred km s −1 and are often richly structured.
Extended narrow-line regions (ENLRs) were first described by Unger et al. (1987) and have been found around many AGN since (Durret 1989) . They extend over 20 kpc or more and have much lower luminosities than NLRs. Dynamical FWHMs are low ( 50 km s −1 ), whereas high excitation levels reveal AGN as ionizing sources. ENLRs usually follow the galactic rotation.
Extended emission line regions (EELRs, Fosbury 1989) are found mostly around radio-loud QSOs and have similar sizes as ENLRs, but very different characteristics. Fu & Stockton (2009) find compact clouds with low line widths (< 100 km s −1 ) but moving with high velocities (∼ 500 km s −1 ). Dynamically chaotic structures are common, and morphological links to the host galaxies absent. EELRs are likely the result of a merger, kick-starting the QSO engine that ionizes the gas and blasts it into the outer surroundings. Lintott et al. (2009) find a cloud of ionized gas 20 kpc outside IC 2497. Lacking an apparent AGN in the host galaxy, it is interpreted as a light echo from a very active earlier AGN phase. Indeed radio observations by Rampadarath et al. (2010) reveal hidden AGN features. Keel et al. (2012a) present 154 galaxies with similar detached clouds at redshifts z 0.1, finding evidence for short periods of high AGN activity. During these periods the luminosity can change by up to 4 orders of magnitude, as has been shown by Schawinski et al. (2010) and Keel et al. (2012b) for IC 2497. However, time-scales inferred by Keel et al. (2012a) are too short to be explained by current accretion models. Such light echos therefore provide new insights into the onset and shutdown processes of QSO activity on scales of a galaxy's light crossing time (∼ 10 4 − 10 5 years).
Galaxy formation models predict AGN-driven large outflows needed to explain properties of the interstellar medium and massive galaxies (e.g. Springel et al. 2005) . NLRs on galaxy scales have been found in powerful radio galaxies (HzRGs, Nesvadba et al. 2008) , and ultra-luminous infrared galaxies (ULIRGs, Harrison et al. 2012 ) at high redshifts (z = 2 − 3). Line widths of 700 − 1400 km s −1 and large offsets with respect to the systemic redshift emphasize the outflow character in the ULIRGs with highest [O iii] luminosity. Cardamone et al. (2009) present a new class of emission-line galaxies, dubbed "Green Peas" (GPs), referring to their compact size and color in gri images. In a sample of 112 GPs they find 80 star-forming galaxies, 9 Seyfert-1, 10 Seyfert-2 and 13 transition objects (showing both AGN and star formation features). GPs with AGN-like emission characteristics have so far not been studied beyond the initial identification and analysis in Cardamone et al. (2009) , and differences to NLRs in other Seyfert galaxies have not been found.
It is now established that supermassive black holes (SMBHs) reside in the centers of massive galaxies, which must have hosted an AGN in their past. Consequently, mergers of galaxies must also lead to the coalescence of SMBHs. Indeed numerous wide-separation binary AGN are known, however systems with kpc separations Comerford et al. 2012) or less (Rodriguez et al. 2006; Fabbiano et al. 2011 ) are rare and have to be verified carefully. Simulations of the pre-coalescence state of SMBH mergers (such as Hopkins & Quataert 2010; Khan et al. 2012; Van Wassenhove et al. 2012) do not predict extraordinary NLR properties.
In CFHT/Megaprime data we serendipitously discovered J224024.1-092748 (hereafter: J2240), a peculiar galaxy at z = 0.326 with GP colors. Due to its large angular extent of 4 × 7 J2240 was not included in the GP sample of Cardamone et al. (2009) . In this paper we show that it is fundamentally different from GPs. We have identified two dozen similar objects in SDSS-DR8 (Aihara et al. 2011 ) with redshifts z = 0.1 − 0.7, after removing 95% spurious detections. We refer to these galaxies with large and ultra-luminous NLRs as "Green Beans" (GBs). GBs display a previously unknown phenomenon in the life of AGN, and we explore different formation mechanisms.
The paper is structured as follows. In Sect. 2 we present observational data for J2240, followed by our 2D spectral analysis method in Sect. 3. We discuss the physical properties obtained from this analysis in Sect. 4, after which we present our sample of similar galaxies extracted from SDSS. We discuss our findings and summarize in Sect. 6. Throughout this paper we assume a flat standard cosmology with Ω m = 0.27, Ω Λ = 0.73 and H 0 = 70 h 70 km s −1 Mpc −1 . The relation be- 
Observations

CFHT imaging
Deep ugriz CFHT/Megaprime data (Table 1) were obtained by us through Opticon proposal 2008BO01 at 2008 in excellent conditions to study a supercluster of galaxies at z = 0.45. Further details about these data can be found in Schirmer et al. (2011) . J2240 at z = 0.326 is a serendipitous discovery in these images, extending over 7 × 4 . With a pixel scale of 0. 186 and 0. 7 image seeing the galaxy is well resolved. It has irregular morphology and peculiar colors similar to that of a GP (see Fig. 1 ), with the exception of very low u-band flux (u − r = 4.06 mag). Kcorrections and luminosities were calculated using kcorrect v4.2 (Blanton & Roweis 2007) . Most noteworthy are a bright non-stellar nucleus in a disk-like body reminiscent of a spiral galaxy, and a half-detached cloud about 12 kpc south-west of the nucleus. The cloud extends over 8 × 18 kpc.
We hereafter refer to these two components simply as the 'Disk' and the 'Cloud', without implying any properties about their physical shape. Spectroscopic observations reveal a much more complex picture, as can be seen in the right panel of Fig. 1 . We refer to the central ±4 kpc encompassing the nucleus as the 'Center'. Figure 1 shows a fainter reddish galaxy with a photometric redshift of z = 0.37 ± 0.06, projected 2. 0 east of the nucleus of J2240. A second galaxy with a prominent spiral arm is located 4. 5 to the south-east, and has the same spectroscopic redshift as J2240 (z = 0.326).
Spectroscopy
VLT/FORS2
The redshift of J2240 and its classification as a Seyfert-2 galaxy were first secured using a VLT/FORS2 (Appenzeller et al. 1998 ) spectrum (ESO DDT proposal 286.A-5027). Our data were reduced using a custom pipeline. In short, all spectra were overscan corrected, debiased, flat-fielded, rectified and sky subtracted. Flux-calibration and correction for telluric absorption were based on the central white dwarf of the Helix Nebula (NGC 7293) and the atmospheric transmission model for Paranal (Patat et al. 2011) . A technical summary of the characteristics of our spectroscopic data sets is given in Table 2 .
VLT/XSHOOTER
Using VLT/XSHOOTER (Vernet et al. 2011 ), we obtained a spectrum (proposal 287.B-5008) of the full 300 − 2500nm range, with a slit position angle of 43.5 degrees (same as for FORS2) aligned along the major axis of the extended emission in Fig. 1 . Spectral (spatial) resolutions are 5 − 20 (1.5) times higher than with FORS2. The data were pre-processed using the XSHOOTER pipeline (Modigliani et al. 2010) . Flux calibration (using the spectrophotometric standard Feige 110), continuum subtraction and further data processing were done using custom-made software. Since the slit width for the flux standard was much wider than the one for the science target, and the standard was calibrated with a different flat field, the absolute calibration is only known to within a constant factor. We determine the latter from the FORS2 spectrum, over which we have full control and consistent calibrators. After correction, FORS2 and XSHOOTER fluxes are indistinguishable within their noise in the common wavelength area. The full XSHOOTER spectrum is shown in Appendix A, Fig. 12 .
Gemini/GMOS
We used Gemini-South/GMOS (proposal GS-2012A-Q-83) to create a redshift survey of further GB candidates (Sect. 5). Given that our targets are bright and our only aim was to detect bright emission lines, this campaign was designed as a backup program to be executed in bad seeing and cirrus. Most data were taken in the second half of the 2012A semester. At the time of writing observations are still ongoing.
Correction for galactic extinction
J2240 (GLAT = −54
• ) lies in an area of faint galactic cirrus. However, the particular line of sight is unaffected and has E(B − V ) = 0.059 mag and R = 3.3 (Schlegel et al. 1998) . The extinction models for R = 3.3 and the 'standard' R = 3.1 are indistinguishable in the wavelength range relevant for this paper (Fitzpatrick 1999 ). Hence we use the R = 3.1 extinction curve (Cardelli et al. 1989; Osterbrock & Ferland 2006 
2D spectroscopic analysis method
J2240 is a dynamically complex system, and well resolved in our data. A proper description requires models of the NLR's 3D structure and knowledge about the radiation field, serving as input for photo-ionization codes. This is beyond the scope of this discovery paper, as we are currently lacking the X-ray data to characterize the ionizing spectrum, as well as IFU observations of the entire object. Nevertheless, applying 2D emission line diagnostics we can obtain information going beyond single global values for e.g. extinction or density. To do so, we have to bring all emission lines to a common reference system.
The emission lines are complex (see e.g. the right panel of Fig. 1 ). We have therefore decided to use a parameter-free approach and work with the line images directly, as compared to modeling with multiple Gaussians. For example, a superposition of up to four Gaussians of different widths is needed to describe any spatial line scan through the Cloud, which fragments into several smaller condensations. Parts of the lines are in addition asymmetric, generally making a Gaussian parametrization a bad choice in this case.
Theoretical [OIII] and [NII] doublet line ratios
The theoretical value of the [O iii]λ4960,5008 intensity ratio has long been underestimated compared to observations (e.g. 2.89 by Galavis et al. 1997) . Leisy & Dennefeld (1996) found 3.00±0.08, The intensity ratios of these lines are independent of temperatures and densities in typical astrophysical nebulae, as the two lines come from a common upper level. Only if the lines become optically thick will the intensity ratio change. This is unlikely, however, given their low absorption coefficients. If the density was high enough to cause significant optical depth, collisional de-excitation would suppress these lines in the spectrum (Peter J. Storey, priv. comm.) 
Re-projection of lines
As a first step we subtract the continuum, which we linearly interpolate across an emission line based on the adjacent ∼ 100 pixels on both sides. The resulting continuum is smoothed in dispersion direction with a 100 pixel wide median kernel, and subtracted from the original spectrum. We do not correct line fluxes for potential stellar absorption, as the equivalent widths are high (several 100Å to more than 1000Å).
In the second step we extract images centered on each line of interest, encompassing their full spatial extent and 2.3Å in width. These images are then stretched by a factor of λ line /λ Hβ to correct for the wavelength dependence of the velocity broadening. We choose Hβ as the reference frame, as it is in the middle between the blue [O ii] and red [S ii] lines. The re-projection onto Hβ also includes a 2-fold binning along the dispersion direction to increase the S/N. We retain an effective spectral resolution of R ∼ 3800.
Thirdly, we have to register the line images such that they overlap precisely. Distortion correction by the XSHOOTER pipeline left no measurable spatial offsets of the continuum recorded in the UVB and VIS arms. Registering the lines in dispersion direction is more difficult, as their individual appearances are different. Fortunately, almost all lines exhibit traces of the ENLR with low line widths, which we use as a reference mark. Remaining lines are registered using other common features. In this way registration in dispersion direction is accurate to ∼ 1 pixel, well within the oversampled spectral resolution.
Lastly, we smooth with a 2 pixel wide Gaussian kernel, cut off at a radius of 2 pixel. Prior to smoothing, the highest and lowest pixel in the aperture are rejected. In this way we suppress spurious noise features, which can get strong when calculating ratios with small denominators.
Error maps from the XSHOOTER pipeline are treated analogously and fully propagated. For the Hα-[N ii] complex (Fig. 2 , panel 1) we have to perform several steps. First, we smooth Hβ with a 2 pixel wide Gaussian and subtract it from Hα after multiplication with 3.0. The latter is near the average Case B hydrogen ratio (3.08) in Seyfert-2 AGN (Gaskell & Ferland 1984) . In this way we remove about 90 − 95% of the Hα contamination in the [N ii] lines (Fig. 2, panel 2 
Deblending close line pairs
[OIII] sanity check
As shown in Sect. 3.1, the [O iii]λ4960,5008 line ratio is independent over a large range of temperatures and densities. Both lines are strong and uncontaminated, and thus serve as a good test case to validate our 2D analysis method. While a constant offset indicates a problem with flux calibration, systematic variations along spatial or spectral directions hint at bad registration of the two lines, or problems in the data processing or extinction correction. Figure 3 shows that in our data the [O iii] ratio is constant within errors, thus validating our 2D analysis method. Utilizing the area where j λ5008 /j λ4960 uncertainty is less than 0.03, we initially estimated a line ratio of 3.169 ± 0.012 (including full extinction correction, see Sect. 4.1). This is inconsistent with the theoretical value, and amongst the highest values measured by Dimitrijević et al. (2007) . Retracing our processing steps we identified an unfortunate coincidence causing this discrepancy. The [O iii]λ4960 line is redshifted to 6577Å, just redwards of Hα. Being a white dwarf, the spectrophotometric standard Feige 110 shows a ∼ 20Å wide Hα absorption line in the XSHOOTER spectrum. The reference flux values tabulated by Oke (1990) , however, are based on a low resolution spectrum (∼ 5Å pixel −1 ), resulting in a measured line width of ∼ 40Å. As the [O iii] line is narrow (1.5Å) compared to the absorption line, we can easily determine a correction factor of 1.075 ± 0.015. The [O iii] intensity ratio then becomes 2.950 ± 0.015. The same effect is present in our FORS2 data (for which a different white dwarf served as flux calibrator), yielding a corrected ratio of 3.01 ± 0.04. No other emission lines are affected.
Results from the spectral analysis
We use bright emission lines to determine extinction, electron density and temperature, abundance and ionization. These diagnostics are well understood for various ionizing spectra. However, as the X-ray spectrum of J2240 is not available, uncertainties do exist in some of the parameters derived. We address this where applicable.
Internal extinction
Method
The extinction of a line with intrinsic intensity I λ0 is given as I λ = I λ0 e −C f (λ) , where C is a constant, and f (λ) parametrizes the extinction curve of the interstellar medium, and depends on the chemical and physical properties of the dust grains. Using the observed and intrinsic (before attenuation by dust) intensity ratio of two emission lines, the color excess is
(1) We use the Hα/Hβ ratio and the standard R = 3.1 model (Cardelli et al. 1989 ) to calculate the reddening in J2240. This requires knowledge of the intrinsic value of Hα/Hβ, which equals ∼ 2.87 for Case B conditions in a typical H ii region. In the harder radiation field of an AGN collisional excitation of Hα becomes important, increasing the ratio to ∼ 3.08. However, it depends strongly on L X /L opt and the slope of the X-ray spectrum, as well as on metallicity (Gaskell & Ferland 1984) . The intrinsic line ratio can get as low as 2.6 for high metallicities, or as high as 3.4 for low metallicities.
We take the metallicity into account in an explicit manner. Starting with a fixed intrinsic Balmer line ratio of 3.0, we compute an initial metallicity estimate following Storchi-Bergmann et al. (1998) . Once a first guess for the metallicity is available, we update the intrinsic Balmer line ratio using an interpolation function to the values given in Gaskell & Ferland (1984) . Pixel values now deviate individually from the initial guess of 3.0. With the improved extinction map we calculate a new abundance map. Convergence is achieved rapidly (less than 1% relative change for most pixels) after the first iteration, thus we stop after a second iteration. Different starting point values of 2.7 and 3.2 for the intrinsic Balmer ratio converge to the same solution.
The reddening map
The resulting reddening map is shown in the right panel of Fig. 4 . It is based on the Seyfert 1 model X-ray spectrum of Gaskell & Ferland (1984) . Adopting their ν −1 power law continuum (dashed line in their Fig. 1 ), E(B − V ) is systematically reduced by 0.16 mag, but the structures seen remain unchanged. We work with the higher extinction model for the rest of this paper, commenting on the effects of a different X-ray spectrum where applicable.
The dust in J2240 is distributed unevenly. The area between the nucleus and the Cloud is highly reddened with E(B − V ) = 0.5 − 0.7 mag. It is independent of radial velocity, and likely caused by a large cloud of foreground dust in J2240. On the opposite side of the nucleus (above the dashed line in Fig. 4 ), we find that reddening grows as a function of radial velocity (blue-shifted components are less reddened than redshifted ones). In this area the dust appears to be evenly embedded within the NLR (where it can survive, see Laor & Draine 1993) , causing E(B − V ) to increase from 0.05 to ∼ 0.7 mag as we look deeper into J2240. Other Seyfert-2 galaxies show similar (global) extinction values of E(B − V ) = 0.1 − 0.6 for their NLRs (Ho et al. 1997; Rhee & Larkin 2005) .
Error analysis
The intrinsic Hα/Hβ ratio is affected by collisional excitation and metallicity. The latter was taken into account in Sect. 4.1.1. As an additional test, we artificially increase the metallicity by ∆Z = +0.2 Z , which reduces E(B − V ) by 0.031 ± 0.005 mag only (see also Sect. 4.3). The largest uncertainty comes from the unknown X-ray properties of the AGN. Using the values obtained by Gaskell & Ferland (1984) for a Seyfert-1 X-ray spectrum, we get a mean intrinsic Balmer ratio of 2.75 with small spatial variations of 0.02 − 0.05 mag. This is below the commonly adopted value of 3.08 for Seyfert-2 galaxies, and may be real, or the result of our ignorance about the true X-ray properties. The ν −1 power law continuum from Gaskell & Ferland (1984) yields 3.11 ± 0.04 for the intrinsic line ratio, reducing E(B−V ) by 0.12 mag, which is small compared to the reddening values up to 0.7 mag. We thus conclude that the observed variations in Hα/Hβ are indeed due to dust, and not caused by spatial variations in abundance (see also Sect. 4.3) nor the ionizing spectrum.
Another source of uncertainty is the accuracy with which the Balmer lines have been registered. A Gaussian fit to the continuum profiles near Hα and Hβ yields an uncertainty of 0.15 pixels in the spatial direction. Being conservative, we shift Hα with respect to Hβ by 0.3 pixel in both spatial directions. This introduces a maximum gradual change in E(B − V ) of 0.32 mag between +7 kpc and −3 kpc, about half the observed amplitude of 0.7 mag. Offsetting Hα by ±1 pixel along the spectral direction results in a 0.18 mag change between −200 and +100 km s −1 , and no change elsewhere. This highlights the importance of an accurate registration of the Balmer lines. Assuming a worst-case scenario, we found that the observed extinction features (in particular the large dust cloud) prevail. We can thus realistically estimate a maximum registration error in E(B − V ) of 0.15 mag at any given position.
Alternatively, E(B − V ) can be obtained using Paα/Paβ or other Balmer ratios. However, we cannot use the Paschen series as redshifted Paα is beyond XSHOOTER's NIR arm, and the core of Paβ is masked by airglow. Using the Hγ/Hβ ratio has the advantage of not being affected by collisional excitation (and thus the AGN spectrum). Unfortunately, redshifted Hγ falls in the area where XSHOOTER's optical dichroic distin-guishes between the UVB and VIS arms, significantly reducing the flux, and making flux calibration unreliable. The S/N of the Hδ line is too low to perform a 2D analysis. Integrating over the whole lines, both Hδ and Hγ favor an average reddening of E(B − V ) = 0.52 − 0.61 mag, 0.2 − 0.3 mag higher than predicted by Hα. This can be explained if stellar absorption, for which we do not correct the continuum model, reduces the flux of the fainter Balmer lines by 15 − 20%.
Another consistency check is the extinction corrected [O iii] ratio presented in Sect. 3.4. The extinction map shows a large area below the nucleus of E(B − V ) = 0.5 − 0.7 mag, embedded in lower values of 0.1 − 0.2 mag. If this differential extinction was artificial or the [O iii] ratio was left uncorrected, then j λ5008 /j λ4960 increases by 0.07 for the highly reddened area (with respect to its surroundings). Such an increase is not found in the data, thus confirming this highly reddened area. This test is not very sensitive though, as the flux ratio of the relatively close [O iii] doublet is weakly susceptible to differential reddening effects.
Testing different dust models
The composition of dust in the harsh environment of an AGN is still a matter of debate, in particular in view of the unified dusty torus model (e.g. Rhee & Larkin 2005 , and references therein). While dust cannot survive inside the broad line region (Laor & Draine 1993) , larger grains prevail in the circum-nuclear region further out, leading to flat extinction curves (gray dust, see e.g. Maiolino et al. 2001) . At larger distances from the central AGN engine, smaller dust grains can survive or are replenished by the partial destruction of larger grains. However, very small grains are disintegrated quickly even at kpc scales (Voit 1992) . A large number of distant AGN and narrow-line quasars show extinction compatible with a dust composition like the one observed in the Small Magellanic Cloud (SMC; Hopkins et al. 2004; Willott 2005) . Even steeper extinction curves in AGN have been found by Crenshaw et al. (2001 Crenshaw et al. ( , 2002 for NGC 3227 and Ark 564 at wavelengths below 4000Å.
Applying the SMC dust model instead of R = 3.1 causes no significant change to E(B − V ) (0.04 mag) as compared to the global variations present in J2240. This is expected since these models dif- 
fer only slightly at the Hα and Hβ wavelengths (Cardelli et al. 1989; Fitzpatrick 1999) . Both foreground dust (close to J2240) as well as dust embedded in the NLR exist in J2240. Observing lines further into the UV or the IR will allow us to step beyond the standard R = 3.1 model and constrain the actual physical properties of the dust in J2240, facilitated by the bright emission lines.
Electron temperature and density
The electron temperature, T e , for the medium ionization zone can be obtained from [O iii], utilizing (Osterbrock & Ferland 2006 in the lower right panel of Fig. 5 . The Disk has significantly higher density than the rest, starting from 150−200 cm −3 and peaking in a dynamically cool spot 1 kpc north-east of the nucleus where n e reaches 650 cm −3 . Decreasing (increasing) T e by 5000 K rises (lowers) the peak density by 130 (80) cm −3 , which is significantly less than the density variations measured. These features are thus real, and not a consequence of our simple assumption of constant temperature.
The Cloud is in the low density limit of the [S ii] probe, thus only an upper limit of n e < 50 cm −3 can be inferred. The area north-east of the nucleus, where J2240 is brightest in [S ii], has lower density than the Disk (80 − 150 cm −3 ).
Abundance and ionization
Abundances for H ii regions are often obtained with the strong-line method (Kewley & Dopita 2002) . A more accurately approach is the direct method (e.g. implemented in the nebular/ionic task in IRAF based on the five level atomic model by De Robertis et al. 1987) . Abundance determinations for NLRs are notoriously more difficult. Storchi-Bergmann et al. (1998) have developed an empirical strong-line method based on NLRs with embedded H ii regions. The underlying assumption is that both the H ii regions and the NLR share the same metallicity, thus a calibration for NLRs without discernable H ii regions can be inferred. Storchi-Bergmann et al. (1998) Both methods yield similar results of Z = (0.45−0.55)Z , the second one with slightly larger values of ∆log(O/H) = 0.03 (Fig. 5) . Abundances are enhanced by about 0.1 towards the nucleus and in the Cloud, and appear to increase systematically with growing radial velocity. Such subsolar metallicities are uncommon in NLRs, as has been shown by Groves et al. (2006) . Their study of 23000 Seyfert-2 galaxies in SDSS yielded only ∼40 galaxies of evidently low metallicity. Using their prescription we obtain average metallicities A large uncertainty in the abundance determination stems from the assumptions made about the ionizing spectrum. Ludwig et al. (2012) report that changes to the slope and shape of the spectrum can change metallicities from sub-solar level to several times the solar value. As we do not know the intrinsic X-ray spectrum of the AGN in J2240, the true absolute value of the abundance remains unknown. The variations measured in the abundance map may be real, but can be altered by local variations of the X-ray spectrum filtered by the inhomogeneous ISM. We therefore do not consider abundances further in this work, leaving this task to future photo-ionization modeling once X-ray data become available. Also, note that increasing the metallicity from 0.5 Z to several Z changes the intrinsic Hα/Hβ Balmer ratio from 2.75 to about 2.60 − 2.65, increasing E(B − V ) only marginally.
Once the metallicity is known, we can derive the ionization parameter U (Fig. 5, lower (Komossa & Schulz 1997) , since mixed-in higher densities will lead to an over-estimation of U . This condition is well met (Fig. 5, lower right) .
We find two strong peaks in the ionization map located 0.0 − 2.0 kpc north-east of the nucleus (above the dashed line in Fig. 5) , and spread over a radial velocity range of 210 km s −1 . The spatial offset is coincident with that measured for the density peak, and can either indicate the location of a second, deeply buried AGN, or simply be the result of a shock or interaction with a jet. Two weaker peaks are found 4.5 and 8 kpc south-west of the nucleus (below the dashed line), significant on the 3 and 2σ level, respectively. The first is located between the nucleus and the Cloud in the area with highest dust extinction, whereas the second is centered in the Cloud and redshifted by 110 km s −1 with respect to the highest ionization peak.
The error map for U takes into account measurement errors, but not the uncertainty in metallicity. To test the latter, we lower the metallicity by ∆Z = 0.1 Z , which corresponds to going from high to low metallicity areas. Log U then decreases by maximally 0.12, much less than the absolute variations observed (∆(log U) = 0.85), and less than the direct measurement errors. Note that while the mentioned variations in U are real, its absolute value should not be taken at face value, as the absolute metallicity is unknown.
Continuum
J2240 exhibits a relatively flat continuum with the brightest parts at 4500Å−7000Å rest-frame wavelengths (Fig. 12) . With an extent of about 8 kpc in the 2D spectra, continuum radiation emerges from a more compact region than the line emission. A significant fraction of the continuum is stellar, as we clearly see the Ca ii H absorption line at 3934Å. Ca ii K at 3969Å is superimposed by [Ne iii] and H emission. The 4000Å break is hardly visible in the data.
No continuum can be seen in the 2D spectra at the position of the Cloud. However, we can still test for the presence of continuum flux by integrating over all wavelengths excluding emission lines. The S/N obtained is sufficient to reconstruct broadband continuum SEDs for the Disk and the Cloud (Fig. 6) . While their colors are similar above 5500Å, the Cloud is bluer than the Disk at shorter wavelengths. Both a nebular continuum and a different stellar population can cause this.
We find a symmetric continuum profile within 5 kpc of either side of the nucleus (Fig. 7) . In the north-east the profile is nearly exponential with a Sersic index of 0.85 ± 0.04 and a disk scale length of 3.0 ± 0.1 kpc. In the south-west we see a long tail through the Cloud (the bump at −10 kpc in Fig. 7) , traceable over 18 kpc.
Velocities and an ENLR
The velocity FWHMs (parameter-free, directly measured in the line images) as a function of slit position for selected lines are displayed in Fig. 7 , together with their intensity profiles. While the latter for low and medium ionization lines are well distinguished (bright and dark gray areas) within 8 kpc of the nucleus, the velocity profiles are similar. The notable exception is [O ii] whose FWHM is consistently larger by 222 ± 15 km s −1 , but otherwise has the same shape. This is a result of the absence of compact bright cores in [O ii] which are found in e.g. Hα, [O iii] and [S ii] (see Fig. 11 in the Appendix for the log-scaled 2D line images).
Defining the maximum velocity as the point where the line profile drops to 20% of the maximum emission, we find v max = (0.98 ± 0.05) × FWHM averaged over Hα, [O iii (Unger et al. 1987; Durret 1989) . Deep GMOS imaging reveals a halo stretching 60 kpc from the nucleus (Fig. 8, top panel) . To distinguish between a stellar tidal stream and ionized gas we use a 3h GMOS long-slit spectrum through a 1. 5 slit, aligned along the major halo axis (at a position angle of 71 degrees). Unresolved [O iii]λ5008 is detected out to 42 kpc (Fig. 8, bottom panel) , thus an additional underlying stellar population can currently not be ruled out. The ENLR has a minimum diameter of 70 kpc.
Starburst or an AGN?
So far we have anticipated that the NLR is powered by an AGN. Observational evidence is presented in the following.
Hypothetically assuming that all line emission is powered by stars, we can estimate the necessary star formation rate using the extrapolated total line fluxes from Table 4 and the scaling relations from Kennicutt (1998) . The result equals 290±60 M yr −1 needed to explain the Hα flux, 20 times higher than that in an average star-forming GP galaxy (Cardamone et al. 2009 ).
An AGN can be distinguished from star formation due to its harder radiation field changing the line ratios. Baldwin et al. (1981) present various tools for this purpose. Their BPT diagrams have been further developed by Veilleux & Osterbrock (1987) , Kewley et al. (2001) , Kauffmann et al. (2003) and Kewley et al. (2006) . For J2240 the S/N is good enough to run this analysis on the basis of individual pixels. While the precise locations of the dividing lines between SF, AGN, LINERs and composite objects in the BPT plots are still under some debate (Cid Fernandes et al. 2010) , the classification of J2240 as AGN is beyond doubt (Fig. 10). [O i]λ6302, 6366 emission across J2240 shows that shock/ionization fronts are present on a global level, emphasizing a powerful AGN.
When fitting the continuum across emission lines, we have ignored stellar absorption as the emission lines are much brighter than the continuum. If stellar absorption was present, Hα and Hβ fluxes are underestimated because of our negligence, driving the data points in the BPT diagrams away from star formation. Assuming a worst-case scenario with (uncorrected) 100% stellar absorption, BPT values are still far outside the star-forming area (see arrows in Fig. 10 ).
While star formation appears to be negligible in J2240, Bennert et al. (2006b) warn that H ii regions can dominate the [O iii] flux at larger nuclear distances. Levenson (2007) and Kauffmann et al. (2003) also show that intense star formation is common in active galaxies. Indeed, a significant star burst can be buried by the [O iii] emission in J2240. However, while we do observe a decrease in log([O iii]/Hβ) with increasing radius (middle left panel in Fig. 10 ), the AGN characteristics remain well preserved. In addition, if the NLR is due to a massive outflow of hot gas, the latter may have disrupted star formation (for an example see Cano-Díaz et al. 2012).
A sample of GBs
Selection and verification
J2240 has similar colors as typical GP galaxies. Applying the GP filter of Cardamone et al. (2009) to SDSS-DR8 we recover J2240 once we drop their maximum Petrosian radius of 2. 0. Instead, we require a minimum radius of 2. 0 and modified color cuts to select objects with particularly strong [O iii] fluxes (g − r > 1.0). 95% of the objects found are spurious or have corrupted photometry (the latter in particular near RA = 355±5 and DEC = 60±10; see examples in Fig. 13 ). If in doubt we downloaded the original SDSS FITS images and created the color poststamps ourselves. In 100% of these cases the galaxies turn out to have normal colors or be artifacts.
Our SQL query for objects with 0.12 < z < 0. towards redder wavelengths (e.g. replacing g − r with r−i, and leaving out the constraints requiring filters redder than z-band), we also select possible candidates at 0.39 < z < 0.69. Contamination by lower redshift star-forming galaxies with strong Hα emission is expected in this higher redshift bin. Final manual selection results in a sample of 29 candidates (Table 5, and are good examples of GBs with particularly large NLRs. J2240 (listed as #016) is larger than any of the other galaxies (Petrosian radius of 3. 5). #004 is noteworthy, as it shows a large extension which indicates ejected matter or tidal interaction. Several GBs exhibit close companions of unknown redshift, indicating that encounters may play a role in the formation of GBs.
In the higher redshift sample we find 12 objects, of which 7 have spectra taken. Five galaxies have genuine AGN spectra, whereas 2 are starforming galaxies at lower redshifts for which Hα was mistaken as [O iii] by our SQL filter. All objects covered by the VLA FIRST catalog (White et al. 1997 ) are either non-detected or radio-quiet.
Apart from #015 all spectroscopically confirmed GBs have [O iii] lines extending over 15−20 kpc or more (Fig. 14) . Given integration times of only 300s, the real extent of the NLRs is likely to be larger. In addition, the limited availability of guide stars is restricting the slit position angle, which consequently cannot be well aligned with the target's major axis in a majority of cases.
Mid-IR properties
Type-2 AGN are dusty objects with significant optical extinction. The WISE (Wright et al. 2010) mid-infrared fluxes can be used as a proxy for AGN activity, as mid-IR emission correlates with X-ray brightness over a wide range of luminosities (Asmus et al. 2011; Mason et al. 2012) . In particular the W4 filter at 24µm is not affected by dust absorption. As a comparison sample we choose the 887 type-2 quasars from Reyes et al. (2008) , 104 of which have similar redshifts as our GBs (0.25 ≤ z ≤ 0.35). The de-redshifted mid-IR spectra of our GBs are very red, following a power-law with index a λ = 1.99 ± 0.35, showing that the emission is likely of nuclear origin as compared to star-formation. The 104 type-2 comparison quasars also have red spectra, albeit with a lower slope of a λ = 1.59 ± 0.43. The null hypothesis that both samples have the same parent SED distribution is rejected on the 5% level based on the Kolmogorov-Smirnov test. The 24µm luminosities of the GBs and the comparison sample are similar though, thus GBs might simply be particularly dusty objects.
In Fig. 9 we plot L [O iii] versus L 24µm for the obscured quasars of Reyes et al. (2008) and Greene et al. (2011) . As our spectroscopic survey has not been flux calibrated, we have no direct measurements of L [O iii] for the GBs. However we do know that the [O iii] equivalent widths are comparable to that of J2240, and that the spectra are generally similar. Assuming that [O iii]λ5008 con- tributes the same fraction to the total r-band flux as for J2240 (37%), we overplot the GBs in Fig. 9 . The 24µm luminosities for GBs and quasars in the same redshift range (black dots) are indistinguishable. However [O iii] luminosities of the GBs are 5 − 50 times higher than expected from their mid-IR emission. Since the latter mainly originates from the compact dusty torus, this indicates that the current AGN activity is too low to explain the NLR luminosity. The NLR may therefore reflect an earlier, more active state, that subsided significantly in much less than a light crossing time. We return to this light echo hypothesis below.
6. Discussion 6.1. Main observational facts
AGN character and morphology
The galaxy-wide and ultra-luminous NLR in J2240 is powered by an AGN, heating the medium and low ionization zones to 15000 − 18000 K and 13000 K, respectively. The Disk has higher temperature than the Cloud. The flux of the auroral lines is sufficiently high to facilitate more reliable temperature maps with deeper data. Studying the profile of the continuum emission within ±5 kpc of the nucleus we find a disk-like Sersic index of 0.85 and a disk scale length of 3 kpc, hence ruling out an elliptical host galaxy.
We find large amounts of dust as expected for type-2 AGN. Dust is distributed within the NLR, and also in a large foreground patch (Fig. 4) . Reddening variations are high, and small systematics due to the unknown X-ray spectrum may still be present. BPT line diagnostics (Fig. 10) (Fig. 11) . A rotational component is well detected in the Disk. A typical ENLR stretches over 26 kpc north-east and 42 kpc south-west from the nucleus (Fig. 8) . It can be seen in all strong lines such as
and Hα, showing that J2240 is embedded in a rotating and quiescent, yet highly excited, bubble of gas.
Shock fronts and jets
Electron density (lower right in Fig. 5 ) shows significant fluctuations. While the Cloud is mostly in the low-density limit of the [S ii] probe, n e rises sharply to 650 cm −3 in the Center. This central peak has a smaller FWHM (100 km s −1 ) than that of emission lines (200 − 500 km s −1 ), and it is offset by 1 kpc from the nucleus. Several blue-and redshifted secondary peaks exist within ±3 kpc of the nucleus, the redshifted ones forming a chain where velocity increases with nuclear distance. Peaks also exist at larger separation in the Cloud. Shock fronts, interactions with a jet, or mergers may cause the peaks. Indeed [O i]λ6302 is seen throughout the NLR, verifying the global presence of shocks or ionization fronts. Since J2240 is radio-weak, strong constraints for a jet are currently unavailable. The barely resolved radio contours in the VLA FIRST data are tentatively elongated along the major axis, thus a jet may explain at least some of the NLR shape.
The ionization parameter is strongly enhanced in the Center and dynamically broader than the density. The highest ionization values are offset with respect to the nucleus by a similar amount as that observed for n e . A blue-shifted secondary peak is found near the nucleus with a relative velocity of −120 km s −1 , together with two more ionization peaks towards the Cloud, one of which in the area of highest extinction. Relative velocities are +20 and +180 km s −1 . These secondary peaks may be the result of shocks, or point towards a second AGN which may either be deeply buried or merely missed by our long slit observation. Fig. 7 ). The largest FWHMs of these lines are found 1 − 3 kpc north-east of the nucleus, where the medium ionization lines are bright, and n e and U the highest. The Cloud shows a secondary maximum in FWHM, and a smaller one exists between the Cloud and the nucleus. All velocity profiles drop to FWHM 50 km s −1 beyond a 10 − 14 kpc radius, typical for an ENLR. Within that radius, maximum velocities (taken at 20% of the line profile) are nearly the same as the measured FWHM. Velocities exceed 1000 km s −1 near the nucleus, but these components are rather weak. Figure 7 shows that neither the gas emission nor its velocity follow the stellar/continuum emission. Therefore the gas in J2240 is kinematically disturbed out to 10 − 14 kpc radius.
Globally disturbed gas kinematics
GB pilot survey
Our ongoing spectroscopic pilot survey of GB candidates has confirmed at least 18 galaxies with NLRs 15−20 kpc in size, and those covered by the VLA FIRST survey are all radio-quiet. 30% of the GBs have close neighbors with yet unknown redshifts. In several cases [O iii] emission is dynamically perturbed. High-resolution spectroscopy in better seeing conditions than currently available may reveal systems with dynamic complexities as high as in J2240. All confirmed GBs are type-2 AGN, as broad-line components have not been identified. Upper limits to the fluxes of possible broad-line regions were not obtained as the spectra were taken in non-photometric conditions and no flux standards were observed. [O iii] luminosities in GBs are on average one order of magnitude higher than expected from mid-IR emission, a sign of recently subsided AGN activity.
Comparison with other NLRs
Space density and [OIII] luminosities
In the 14500 deg 2 of SDSS-DR8 we find only 17 GBs of 0.12 < z < 0.36. This redshift range corresponds to a co-moving volume of 11.1 Gpc 3 . The space density of GBs is thus 4.4 Gpc −3 , consistent with the upper end of the [O iii] luminosity function for type-2 quasars published by Reyes et al. (2008) . We have neglected the 0.39 < z < 0.69 range in this consideration due to the contamination with star-forming galaxies.
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luminosities of the other GBs in our sample have so far only been estimated from their broad-band fluxes, but we showed they must also be in the range of several 10 43 erg s −1 .
Radio-loud quasars and ULIRGs
EELRs are often found around radio-loud QSOs (Mrk 1014 is an exception, being radio-quiet). Fu & Stockton (2009) identify compact clouds moving with high velocities (∼ 500 km s −1 ), yet having low line widths (30 − 100 km s −1 ). They do not show morphological links with their host galaxies. EELRs are probably formed during mergers, which start the QSO engine that ionizes the gas and blasts it into the outer surroundings. J2240 is different. Firstly, its host galaxy is radio-weak or -quiet. Secondly, the NLR is at least one order of magnitude brighter than the EELRs described in Fu et al. (2012) . Thirdly, J2240 shows high line widths (200 − 500 km s −1 ) and low radial velocities (∼ 200 km s −1 ), opposite of what we see in EELRs. This may be an effect of incomplete sampling by the long slit, as we might have missed the high velocity components. Or the gas clouds move predominantly perpendicular to the line of sight such that we do not see the full velocity vector. Lastly, the NLR embeds the host galaxy, thus establishing a morphological link. The same differences are also found when comparing GBs to the galaxy-scale emission line regions observed in powerful radio galaxies and some ULIRGs in the young Universe (z = 2 − 3; Nesvadba et al. 2008; Harrison et al. 2012) . This holds for the other GBs as well given our current data.
Current light echo samples
J2240 does not appear to be a typical light echo, such as observed in Hanny's Voorwerp (Lintott et al. 2009), or those described by Keel et al. (2012a) . There are similarities though. Firstly, our BPT diagrams (Fig. 10 ) are fully compatible with the ones of Keel et al. (2012a) . Secondly, interaction with neighboring galaxies are frequently seen in the sample of Keel et al. (2012a) , and companions are also observed for the GBs.
Nevertheless, typical [O iii] luminosities for these light echos are 2 orders of magnitude lower than for GBs. This is also evident in the SDSS images, which show the stellar body of these galaxies well, whereas for GBs the stellar emission is overwhelmed by the NLR. The survey of Keel et al. (2012a) gets insensitive at redshifts z 0.1, as the investigated features become too faint. Our GB sample on the other hand, extracted from the same data base, does not reveal any GBs with z < 0.19 (we are sensitive down to z = 0.12). Shifting our SQL filter to even lower redshifts did not reveal further candidates. This is consistent for two reasons. First, a galaxy like J2240 at redshifts less than 0.1 would be conspicuous and likely picked up by earlier surveys. Second, the comoving volume within z < 0.1 is just about 0.3 Gpc 3 . If the space density of GBs calculated above does not evolve between z ∼ 0.3 and today, then we expect only 0.44 GBs at z < 0.1 within the 14500 deg 2 covered by SDSS-DR8. For comparison, Keel et al. (2012a) find ∼ 100 galaxies with possible light echos at z < 0.1.
Binary AGN or SMBH merger?
Can the extraordinary properties of J2240 be explained by mergers? We observe globally disturbed gas kinematics, and the highly ionized compact [O iii] sources can indicate multiplicity (Comerford et al. 2012) . A tidally distorted neighboring galaxy (Fig. 1) makes a multiple merger scenario plausible, in which another, possibly gasrich, galaxy is currently consumed by J2240. As Liu et al. (2012) demonstrate for wide separation binary AGN, the SMBH accretion rate is increased in such double systems as the merger process funnels more material towards the centers. Log([O iii]) increases by 0.7 ± 0.1 when decreasing the separation from 100 to 5 kpc in these systems. Even closer pairs likely have correspondingly higher [O iii] luminosities.
Are we witnessing some violent process during the final stages of an AGN merger? SMBHs are common in the centers of massive galaxies, thus galaxy mergers must also result in the coalescence of SMBHs. Accordingly, SMBH or AGN pairs should be common. However, with decreasing separation they are increasingly hard to identify. For example, numerous binary AGN with separations of tens of kpc are known, yet with 3.6% their fraction among optically selected AGN is already small ) and Comerford et al. (2012 find kpc binary AGN in galaxies with double-peaked [O iii] emission, however that feature is more commonly caused by gas kinematics and cannot be used as a reliable indicator for AGN binarity Fu et al. 2012) . X-ray, infrared or radio observations are needed to confirm such systems.
Only few binary AGN with even smaller separations are known (Rodriguez et al. 2006; Fabbiano et al. 2011) , including a system with sub-pc scale and an orbital period of ∼ 100 years (Boroson & Lauer 2009 ). Eracleous et al. (2012) report several sub-pc candidates, however emphasizing that long-term monitoring is required to link observed line variability with orbital motions. From the Xray perspective statistics are equally weak. For example, Teng et al. (2012) find that only 0 − 8% of massive mergers actually harbor binary AGN.
While the observational data base is poor, simulations of the pre-coalescence state of SMBH mergers have been carried out (Hopkins & Quataert 2010; Khan et al. 2012; Van Wassenhove et al. 2012) . During the orbital decay from kpc to pc scales no processes are found that explain an AGN flaring up for 10 4 − 10 5 years by 3 − 4 orders of magnitude. Neither can current accretion models explain a shut-down on similarly short time scales (Schawinski et al. 2010) .
It is also unlikely that we are observing some effect or aftermath of the actual coalescence of two SMBHs. Tanaka et al. (2010) calculate the electromagnetic footprint of SMBH mergers. They find an increase of bolometric luminosity of about 10% per year over time scales of years or decades, together with an increase of X-ray hardness. This is, however, much less than the light crossing time of a galaxy (10 4 − 10 5 years) needed to explain the size and luminosity of our NLRs.
Light echos -quasars shutting down?
The most prominent characteristics of the NLRs in our GBs are their large angular extent and high [O iii] luminosities. Certainly powerful AGN must be responsible for this, but they are not evident from the SDSS imaging. Either they are deeply buried, or their activity has steeply declined over time scales much less than the light crossing time of the NLR, in which case we are observing strong light echos.
To this end we have to show that the current AGN activity is much lower than expected from the overall [O iii] luminosity, and that we are not just observing very obscured nuclei. The best way of doing this is to determine the current X-ray luminosities of GBs, and compare them to their [O iii] luminosity. In case of a light echo, the X-ray output will not match the [O iii] luminosity. Using the best-fit relation between L X and L [O iii] for type-2 quasars and Seyferts, we expect L X ∼ 1 × 10 44 erg s −1 in the 2 − 10 keV range (Jia et al. 2012; LaMassa et al. 2009 ). Note that, since ROSAT is only sensitive to soft energies, even the lowest plausible X-ray absorption is sufficient to account for the non-detection of J2240 by ROSAT. Therefore we cannot constrain a possible quasar shutdown with the X-ray data currently available.
To overcome the lack of X-ray data we use the mid-IR emission as a proxy for AGN activity, as it is unaffected by dust absorption and emanates from the immediate, pc-scale AGN environment. Mid-IR emission is tightly correlated with the Xray luminosity in AGN (Asmus et al. 2011; Mason et al. 2012 (Fig. 9) . If the light echo interpretation is correct, then one expects quasars at similar redshifts with suitable mid-IR fluxes that have not shut down yet. Only quasars at z 0.4 match such high fluxes. We think that this is a selection effect, with GBs dropping out of the main SDSS spectroscopic target selection algorithm. The fact that our simple size and color selection of GBs yields about 95% spurious sources shows that the combination of broad-band photometry and angular size is quite unusual. The SDSS algorithm designed to select sources for spectroscopic follow-up is optimized for a high success rate, allowing for only 5% unusual sources to be included (see e.g. Reyes et al. 2008 , and references therein). It is therefore not surprising that only one of our GBs has a SDSS-DR8 spectrum.
Outlook
Considering the intrinsic luminosity that must be responsible for the observed optical NLR, the hard X-ray continuum of AGN must be directly detectable, provided that the column density is not too great (N H 10 23 cm −2 ). Even if the central engine is deeply obscured or truly hidden by Compton-thick absorption, the characteristic Fe Kα fluorescence line should be detectable. In this way a binary AGN with a few kpc separation can be directly confirmed through X-ray imaging, or the shut-down time-scale of the obscured quasars in GBs constrained. X-ray observations will also determine the slope of the ionizing spectrum, improving photo-ionization models of these NLRs.
Additional work going beyond our simple longslit spectroscopic analysis has to be done. A realistic model of the NLR requires the use of photoionization codes and knowledge about the X-ray properties. The optical spectral analysis must also be extended to the full body of J2240. Such investigation may reveal ionizing sources missed by the long-slit observation, and provide better extinction, temperature and density maps. In addition we can better constrain the dynamics, determine the gas mass, and investigate whether GBs have significantly higher gas masses than other obscured quasars showing massive outflows or large NLRs. To this end, GMOS IFU observations in good seeing conditions have been conducted of J2240 in 2012B at the Gemini Observatory. We have also applied for follow-up observations of several more GBs.
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B. The GB sample
The following SQL filter was used to retrieve the initial selection of 376 GB candidates from SDSS-DR8 † , including poststamps for a visual cross-check. Only ∼ 5% of the objects are retained as genuine GB candidates after visual inspection. We experimented with various parameters, such as the Clean flag, but found that these were prone to exclude genuine objects (amongst others J2240).
SELECT ra, dec, objID, u,g,r,i,z, petrorad r, '<a href=http://cas.sdss.org/dr3/en/tools/chart/navi.asp?ra='+ cast(ra as varchar (10))+'&dec='+cast( dec as varchar (10)) + '>'+ '<img src="http://skyservice.pha.jhu.edu/dr8/ImgCutout/getjpeg.aspx?ra='+ cast(ra as varchar (15))+'&dec='+cast(dec as varchar (15))+ '&scale=0.40&width=120&height=120&opt="/> ' as pic FROM Galaxy WHERE ((r <= 20.5) and (r >= 17) and (u -r <= 5) and (r -i <= -0.2) and (r -z <= 0.6) and (g -r >= r -i + 0.5) and (u -r >= 2.5 * (r -z)) and (g -r > 1.0) and (petrorad r > 2) and (psfmagerr g < 0.04) and (psfmagerr r < 0.04) and (psfmagerr i < 0.04)) 
